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CONTROLLING MILL INSECTS
[Vol. 6
By PROF. GEORGE A. DEAN, Entomologist, Kansas State Agricultural College and
Experiment Station
Two years ago the writer read a paper before this Association on
"heat as a mean!;!of controlling mill insects." At that time, although
the heat method hs,d been used successfully in one or two flour mills,
it was still in the experimental stage. However, within the last two
years this method has been so developed that now a large number of
mill men are satisfied that it is the only practical and efficient method
at present known of compleooly controlling all classes of mill-infesting
insects. In Kansas the heating of more than twenty mills has abso-
lutely proven that no stage of an insect, even in the most inaccessible
places, could withstand the heat, and several flour mills in Ohio,
Illinois, Indiana, Iowa, Nebraska, southern Canada, and elsewhere,
have corroborated the practicability and the efficiency of heat as a
means of controlling mill insects.
If a mill is infested with the several stages of the confused flour
beetle (Tribolium confusum), and the otheI;,.!ittle rust red flour beetles,
the cadell (Tenebrioides mauritanicus), and the sawtoothed grain beetle
(Silvanus surinamensis), the treatment heretofore used is of little
value, for these insects are found in cracks and in accumulations of
fine stuffs inaccessible to any gas. After one has visited flour mills
throughout this country, and has made inspections of flour arrivals
at the principal ports along the Gulf, the Great Lakes, the Atlantic
seaboard, and in Europe, he will soon discover that the confused flour
beetle and the cadelle, the larval stages of which are causing so much
trouble in flour, are found in practically every flour mill in this country,
southern Canada, and Europe. After inspecting this flour and the
ports of this country and Europe, through which the flour from many
of our mills is handled either for domestic or foreign trade, one is not
only convinced that it is this class of mill insects that is causing the
serious trouble, but that the large majority of the infestations origi-
nates at the mills. One will also be convinced that the hydrocyanic
acid gas method, as well as others that are in common use, is inade-
quate and that something more effective must be used if we are
going to control this class of insects.
A BRIEF SUMMARY OF THE SUCCESSFUL HEATING OF A FEW MILLS
No. 1. During the summer of 1910, a 1,000-barrel frame mill in
Topeka was given a thorough fumigation with hydrocyanic acid gas.
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No mill could have been given a better fumigation with the gas,
and yet a few months later this mill was showing evidence of serious
insect infestation. The following spring this mill was given a second
fumigation with hydrocyanic acid gas. One month later insects were
in sufficient numbers to cause trouble. During the month of June,
without any change or additional radiation in the heating system of
the mill, the heat was turned on one Sunday morning and continued
until nearly Sunday midnight. The examination the next day showed
that far more insects were killed than in the gas fumigations, and inas-
much as the examination several months later failed to reveal a single
live Mediterranean flour moth in any stage, the manager of the mill
was satisfied that it was a far more effective and practical method.
Later additional radiation was installed in this mill, and it now has a
most effective system.
No.2. During the summer of 1910, a 1,500-barrel mill of Welling-
ton, Kansas, was fumigated with hydrocyanic acid gas. The expense
of the fumigation was over $225, which does not include the shut-down
of three days. Before the summer season had passed, not only the
common mill insects were again becoming abundant, but the Mediter-
ranean flour moth was doing serious injury. The following summer
after installing additional radiation at an expense of not more than
that of one fumigation, the mill was heated from Sunday morning
until Sunday midrught. A careful examination the next day showed
that no insect escaped death on the floors where the heat ranged from
1150 to 1300 F. No part of the mill was injured by the heat. The
examination one year later showed that the Mediterranean flour
moth was completely eradicated. The president of the milling com-
pany said of the heating method, "I am confident that the method is
a great success. We find that after subjecting our mill to heat for
eighteen hours, not a creature which was exposed to the heat lived."
HEATINGOFMILLSIN OHIO.l Professor Gossard, entomologist of
the Ohio Agricultural Experiment Station, in his annual report for the
year 1911, recommends the heat as a practical and a most efficient
method, and speaks of several mills in which the heat was used suc-
cessfully. The millers in his state who have used heat are convinced
that it is the cheapest and the most effectual method for the control
of mill insects. In Bulletin No. 234 of the Ohio Agricultural Experi-
ment Station Mr. W. G. Goodwin, the assistant entomologist, makes
the following summary relative to the heat method:
"It is the most thorough method of treatment for the control of
insects infesting flour mills j it requires but one treatment per year tc}
tAnnual Report of the Entomologist, Ohio Agr. Exp. Sta., 1911.
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completely rid the mill of insect pests and no preliminary cleaning is
necessary.
"It is J;lotdangerous to human life as are all of the other fumigants
which are even fairly effective.
"There is no possibility of injuring floors, belts, or machines, and
practically no danger from fire.
"The cost of a treatment, after the heating system is installed, is
less than one fiftieth of that of hydrocyanic acid gas fumigation.
"N0 time is lost in getting ready to use heat. The mill does not
need to be shut down several days' beforehand, and as most of the
Ohio flour mills use steam power, the cost of a heating system would
not be prohibitive. High temperature, as compared with other meth-
ods of treatment, by saving time and extra expense, will pay for the
average heating system required in a flour mill in less than five years."
GOVERNMENTRECOMMENDSTHE HEAT METHOD.l During the
summer of 1911, the United States Department of Agriculture had
one of the experts of the Bureau of Entomology stationed in the
southeastern part of the United States to carryon experiments for the
control of mill insects in rice and peanut mills. In a recent publication
of the results of these experiments, the Government has approved of
the heat method and recommends it as a most efficient method in the
control of insects in this class of mills.
THE AMOUN'rOF RADIATIONREQUIRED
. The number of square feet of radiation surface required to heat a
given number of cubic feet depends upon the condition and the con-
struction of the building, the number of windows and doors on each
floor, the character of the machinery, and the location of the steam
pipes. Usually one square foot of radiation is sufficient to heat from
50-100 cubic feet of space: A mill that has sufficient radiation to
heat it in winter to a temperature of 70° without the heat of the run-
ning machinery, can readily be heated in summer to a temperature
·of from 120-125°.
If the mill is a five-story building, the writer would suggest for the
fttst floor one square foot of radiation to 50 cubic feet of space; for
the second floor one square foot to 60 cubic feet; for the third floor one
square foot to 75 cubic feet; for the fourth floor one square foot to 90
-cubic feet; and for the fifth floor one square foot to 110 cubic feet.
If the building is four story, one square foot of radiation to 50, 60, 75,
and 100 cubic feet of space for the first, second. third, and fourth
floors respectively is recommended.
lCir. No. 142, Bureau of Entomology, U. S. Dept. of Agr.
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TABLE SHOWING THE RADIATING SURFACE PER LINEAR FOOT, AND THE LINEAR FEET OF
PIPE REQUIRED TO MAKE ONE SQUARE FOOT OF RADIATING SURFACE
-- - -
Sile of pipc in inches IRndi;ting aurfnce pcr lincar foot Linear feet of pipe per square foot of radiating surface
It
It
2
2t
0.346
0.434
0.494
0.622
0.753
2.9
2.3
2.0
1.6
1.3
In case steam pipe is used for the radiation, either one and one-
fourth or one and one-half inch pipe is recommended as the most
practical size.
SOME VERY IMPORTANT POINTS TO BE CONSIDERED IN THE SUCCESS-
FUL HEATING OF A MILL
1. The steam pipes should be located near the floor and so arranged
as to give an equal distribution of heat.
2. There should be a water trap to draw off all water accumulating
in the pipes.
3. The lower floors and the floors with heavy machinery should
have more radiating surface in proportion to the cubic feet of space
to be heated than the upper floors and the floors with the light
machinery.
4. The steam should be turned on with 25-50 pounds pressure, so
as to heat the mill more rapidly.
5. In order to take advantage of the heat in the machinery, the
heat should be turned on immediately after shutting down the mill.
6. Stairways and elevator shafts should J?e closed, so as to make
each floor entirely separate.
7. Two or three thermometers should be distributed on each floor
in order to know what temperatures you have.
8. Time must be taken to reach the desired temperature.
9. A temperature of from 1180 to 1250 is sufficient for any part of the
mill.
10. This temperature should be held several hours to allow the heat
to penetrate all the infested parts.
11. Do not attempt to heat a mill on a windy, a cold, or a rainy day.
THE EFFECT OF HEAT FUMIGATION UPON FLOUR
In connection with heat fumigation, the question naturally arises
as to whether the heat would have any deleterious effect upon the
baking quality of the flour. To give data upon this subject baking
tests were made of a patent hard-wheat flour, a low grade hard-wheat
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flour, and a pancake flour. These flours were subjected to a heat
several degrees higher than that recommended for a mill. The low
grade hard-wheat flour was not only subjected to a temperature of
1400 for nine hours, but the same samples were reheated to the same
temperature two and six weeks later to ascertain whether a second and
third heating of the same flour would have any injurious effect. The
pancake flour was subjected to a temperature of 1300 for forty-eight
hours. The' baking tests of all these experiments showed conclu-
sively that the heat had absolutely no deleterious effect upon the
baking qualities of the flours.
SOME UNCALLED FOR CRITICISMS
The objection made by some that the insurance companies will not
permit heat is without any foundation. The only instances of an
objection of this sort that has been brought to the attention of the
writer was in case of mills that may be equipped with the automatic
sprinkling system. :Mr. William Reed, secretary of the Mutual Fire
Prevention Bureau, representing eight of the principal millers' insur-
ance companies, in a recent notice to all policyholders makes the fol-
lowing statement: "We propose to advocate the heating systems for
effective fumigation against the Mediterranean flour moth, weevil,
and all other mill and grain infesting insects." The objection that
the system is not practical betlause of the impossibility of heating in
winter is one scarcely worth considering. Noone is advocating the
heating of a mill in winter. Anyone familiar with the insect infes-
tation of a mill knows that if a mill is heated during the latter part of
the summer and all the insects killed, there will be no necessity for
heating during winter months. The objection that heat will injure
the belting, check the elevator legs and the woodwork of the bolters
and purifiers is without a semblance of truth. In one experiment the
mill was heated far above the required temperatures, some of the tem-
peratures going as high as 1500 F., for a period of nearly thirty hours,
and the examination showed -absolutely no injury to any part of the
mill or the mill machinery.
SUMMARY OF RESULTS
In a mill, flour accumulates in recesses and insects breed in places
inaccessible to the gas or vapor of any fumigating material, but heat
passes through all of these obstructions and penetrates the innermost
recesses! Many mill insects do not yield readily to hydrocyanic acid
gas, but no mill insect can withstand for any length of time a tempera-
ture of from 1180 to 1220 F. The writer has fumigated many mills
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with hydrocyanic acid gas, but in no case has the fumigation with gas
proven so successful as the heating of several mills. In the heating
of these mills it has been demonstrated that the heat is the most prac-
tical, efficient, convenient and least expensive method. To fumigate
with hydrocyanic acid gas requires from two to three days, and this
long shut down with the additional cost of material is a large item of
expense, besides an element of danger to the operator, while with heat,
since it can be applied from Saturday evening until Monday morning,
there is no loss of time, very little expense, and no danger to the life
.of the operator.
TEMPERATURE RECORDS AND OTHER DATA OF SOME MILLS THAT
HAVE USED HEAT SUCCESSFULLY
R. E. KIDDER FLOUR MILLS, KANSAS CITY, KANSAS
Capacity of mills, 600 barrels.
Building, brick.
Date of heating, July 7-8, 1912.
Character of day, partly cloudy and calm.
Outside maximum temperature, 91 degrees.
Outside minimum temperature, 73 degrees.
Heating system, steam pipes along the wall, except in space beneath the first floor
where radiators are used.
Steam pressure maintained during the heating, about 20 pounds.
Firs/Floor
Capacity of floor, 28,728 cu. ft. Amount of radiation 525 sq. ft.
READING OF THERMOMETERS
Time of day
10.318. moo 7-7-12 .
11.311a. m.. . . . . . . . . . . .. . . . . . . . . . . . . . . .. . .
12.311p.m .
2.30 p. m .
3.:U p.m .
4.3.1 p.m .
5.3.1 p. m .
7.0:1 p. lD •••••••••••••••.••.••••••••.•••.•••••••••••
R.3D p. m.. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .
9.30 p. m.. . . . . . . . .. . .
9.00 a.lD. 7·8-12 .
11.00 a. Ill.........•...•...............................
12.00 m .
2.00 p. m .
4.0:1 p.Ill..•..........................................
5.30 p.lD ....•••.•..•........•.....•.• : .•.........•.•.
Thermometers
No.1 No.2 No.3
De~rees Degrees Degrees
R3 90 86
83 94 88
84 98 91
88 104 96
90 106 100
93 107 102
94 110 103
95 110 107
97 113 108
98 115 108
100 122 117
106 12-1 116
106 125 118
106 128 118
107 129 120
108 129 121
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Location of Thermometers
[Vol. 6
No. 1. In 2 inches of flour in elevator boot on floor 8 feet beneath steam pipes.
No.2. Hanging in middle of room 5 feet high, 15 feet from steam pipes.
No.3. In 2 inches of flour in elevator boot on floor, 12 feet from steam pipes.
Result: Failed to reach killing temperatures in elevator boots on the floor, except
directly over radiators in space beneath the floor. Killing temperatures reached in
all other parts of the room.
Second Floor
Capacity of floor, 28,728 cu. ft. Amount of radiation 560 sq. ft.
READING OF THERMOMETERS
Thermometers
Time of day
No.1 No.2 No.3
~._-----_._--- -----1-----1-----1----
10.3q a. m. 7-7-12 - .. - - - - .
11.30 a. rn•. _•.. _ _.....••..•............•.•....
.12.30 p.rn•.......•......................... .' .
2.30 p. m•............................................
3.30 p. rn •.•••••......................................
4.30 p.m......•.•..•.......•.........................
H~~:::::::::::::.:.:.:.:.:.:.:::::::::::::::::::::::::::!
~:~~~:::. ·7~8~12·.::::::::::::::::·.:::::::::::::::::::I
11.00 a. rn : i
12.00 m..•.......•.....................................
2.00 p. rn •...•..•.....................................
4.00 p. rn •.....•..•....•..•.................•.........
5.30 p. rn •......•....................•.•...•...•..•.•. '
Degrees
98
105
110
117
120
123
125
127
129
130
140
142
144
144
147
146
Degrees
97
97
98
100
102
104
105
108
109
111
122
125
126
127
129
131
Degrees
99
106
III
118
121
123
125
]27
129
129
140
142
144
144
147
145
Location of Thermometers
No.1. Hanging in open 4 feet high, 15 feet from steam pipes.
No.2. Between rolls in roller, 11 feet from steam pipes.
No.3. Hanging in open 6 feet high near roller machinery.
Results: One hundred per cent of the insects were killed.
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Third Floor
Capacity of floor 3,112 cu. ft. Amount of radiation 460 sq. ft.
READIKG OF THERMOMETERS
Thermometers
• Time of day
10.30 a.m. 7-7-12 '
11.30 a. moo •..•....•••.••.•.•.••.••••....•..••.......•. 1
12.30 p. m ..•..•....................................... I
2.30 p. m .
3.30 p. moo . • • . • • • . . •• . • . • . . . . • • • . . . • . .. . ....•...•••. '
4.30 p. m .
5.30 p. m .
7.00 p. m .
8.30 p. m .
9.30 p. m .
9.00 a. m. 7-8 -12.•....................................
11.00 a. m.. . . . . . . . . . .. . . . . .. . .. . .
12.00 m .
2.00 p. m .
4.00 p. m .
5.30 p. m .
No.1
Degree.
95
100
105
114
116
119
]22
]24
126
127
133
138
139
141
143
145
No.2 No.3
Degree. Degrees
85 89
88 91
91 95
100 102
102 103
105 107
107 108
111 III
113 113
114 114
126 125
127 125
]27 126
128 128
128 13\
129 131
Location of Thermometers
No. 1. Hanging in open 5 feet high, 15 feet from steam pipes.
No.2. In flour in conveyor near floor, 12 feet from steam pipes.
No.3. In flour in conveyor 6 feet high, 15 feet from steam pipes.
Results: One hundred per cent of the iuseets were killed.
Fourth Floor
Capacity of floor, 43,092 cu. ft. Amount of radiation 400 sq. ft.
READING OF THERMOMETERB
No.3No.2
Time of day
------------------_._._~ ..~----_ .._-----
I
I Thermometers
I----.-------;--~----
i No.1
1 _
I
10.30 a. m. 7-7-]2 ................................•.....
1
g::~;::'.:' ::::::::::::::::::::::::::::::::::::::!
2.30 p. m .
3.30 p. m .
4.30 a. mo. .........•..................................
5.30 p. m•.......•....................................
7.00 p. m .
8.30 p. m..•..........................................
9.30 p. m .
9.00 Q. m. 7-8-12 .
11.00 p. m .
12.00m .
2.00 p. m.....................•......•....•...........
4.00 p. ill...••••.•.....•............•.•...... '" .
5.30 p. m........•............•.....•.•...•....•......
Degree.
96
100
]05
114
116
118
120
122
120
122
127
129
132
133
138
138
Degrees
88
90
92
99
101
103
106
109
111
112
118
119
120
121
122
124
Degre •.•
88
90
91
97
99
101
103
106
109
110
117
118
119
120
122
122
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Location of Thermometers
No. 1. Hanging in open 5 feet high, 12 feet from steam pipes.
No.2. In flour in conveyor ncar floor, 12 feet from steam pipes.
No.3. In flour in conveyor near floor, 12 feet from steam pipes.
Results: One hunrlfl~d per cent of the insects were killed.
HUNTER MILLING COMPA1\ry, WELLINGTON, KANSAS.
Capacity of mill, 1,000 barrels.
Building, brick.
Date of heating, July 21, 1912.
Character of day, partly cloudy and calm.
Outside maximum temperature, 97 degrees.
Outside minimum temperature, 74 degrees.
Heating system, steam pipes along wall and a few radiators.
Steam pressure maintained during the heating, about 100 pounds.
Basement
Capacity of floor 33,790 cu. ft. Amount of radiation 1,020 sq. ft.
READING OF THERMOMETERS
[Vol. 6
Time of day
8.00 a. m........••...................
10.00 a. m .
12.00 m .
2.00 p. m .
4.00 p. m ...........................•.
I~:~~~:::.: :::.:::.:.:.:...::::I
No.1
Degrees
96
97
100
102
104
103
103
102
Thermometers
No.2 No.3 No.4
-----
Degrees Degrees Degrees
]28 98 98
134 104 98
136 105 98
136 107 102
138 108 106
140 109 109
143 109 109
145 113 109
Location of Thermometers
No. 1. In flour in elevator boot resting on floor 5 feet from steam pipes.
No.2. Hanging in open 6 feet high, 10 feet from steam pipes.
No.3. In flour in elevator boot resting on floor 15 feet from steam pipes.
No.4. In flour in elevator boot resting on floor 10 feet from steam pipes.
Result: Killing temperatures were not reached in elevator boots resting on the
concrete floor.
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First Floor
Capacity of floor, 40,040 cu. ft. Amount of radiation 780 sq. ft.
READING OF THERMOMETERS
Thermometers
Time of day
No.1
Degrees
8.00 a. m............... 130
10.00 a. m.. . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
12.00 m.. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . 140
2.00 p. m. . . . .. . .. .. .. .. . .. . .. .. .. .. . .. .. . . .. 140
4.00 p.m............................................. 142
5.00 p. m.. . . . . . . . .. . .. .. . .. .. .. . . .. .. .. .. .. . .. .. .. .. . 143
10.30 p. m.. . . . . . . . . .. . . .. .. . .. .. .. .. .. . .. .. 146
No.2 No.3
Degrees Degrees
121 97
123 100
123 102
124 108
125 111
127 113
131 119
Location of Thermometers
No. 1. Hanging in open 6 feet high, 15 feet from steam pipes.
No.2. In flour in roll, 20 feet from steam pipes.
No.3. In flour in roll in cleaning room, 5 feet from radiator.
Result: One hundred per cent of the insects were killed.
Second Floor
Capacity of floor, 43,120 cu. ft. Am~)Untof Radiation 800 sq. ft.
READING OF TBERMOMETER8
Thermometers
Time of day
No.1
Degrees
8.00 a. m.. . . . .. . . . . . . . .. . . . . . .. . . . . . . . .. . . . . .. . . . . . . . . 137
10.00 a. m ' 144
12.00 m I 147
2.00 p. m I 151
4.00 p. m.. . . . . . .. .. .. . .. . . .. . . .. .. .. .. .. .. . .. .. .. 153
6.00 p. m.. . . . . . . . .. .. . .. .. .. .. .. .. .. .. .. . .. .. .. .. 153
8.00 p. m : .. 154
10 30 p. m ' 156
No.2 No.3
---
I
I
Degrees
I
Degrees
112 110
119 113
122 115
127 121
130 124
128 126
128 128
130 129
Location of Thermometers
No.1. Hanging in open 6 fe.ethigh, 15"feetfrom steam pipes.
No.2. In flour in bottom of elevator boot, 15 feet from steam pipes.
No.3. In flour on bolting cloth in reel, 12 feet from radiation (cleaning room).
Result: One hundred per cent of the insects were killed.
5
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Third Floor
[Vol. ()
Capacity of floor, 43,120 cu. ft. Amount of radiation 900 sq. ft.
READING 0" THERMOMETERS
Thermomewl"ll
Time of day
Degrees
120
126
131
136
138
139
141
142
No.1
8.00 a.m ,
10.00 a. m .
12.00m .
2.00 p. m 1
4.00 p. m•............................................ '
6.00 p. m 1
1~:~~~:::::::::::::::::::::::::::::::::::::::::::::::I
___ 1 _
Location of Thermometers
No.2
Degr •••
108
114
116
120
123
124
127
129
No.3
Degrees
116
121
125
130
132
134
136
138
No.1. Hanging in open 5 feet high, 12 feet from steam pipes.
No.2. In flour in conveyor 14 feet from steam pipes.
No.3. Hanging in open 5 feet high, 10 feet from radiator (cleaning room)
Result: One hundred per cent of the insects were killed.
TEXAS
Capacity of floor, 5,100 cu. ft. Amount of radiation, none.
READING 0" THERMOMETERS
_._--.-_._._~' -~_..._----- --------------------------------.-------
Thermometers
Time of day
No.1 No.2
8.00 a. m •............................................................. '
10.00 a. m '" :
12.00 m .
2.00 p. m '
4.00 p. m '" , .
6.00 p. m....••.•...••.......•..............••.........•...•..
.8.00 p. m ............................................•................. '
11>.30 p. m.......................•......................................
Location of Thermometers
No.1. Hanging in open 6 feet high.
No.2. In flour in conveyor near floor.
Result: One hundred per cent of the insects were killed.
Degrees
121
129
134
138
141
141
141
141
Degree.
109
113
117
121
124
126
128
130
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INTER-OCEAN MILLS, TOPEKA, KANSAS.
Capacity of mill, 1,000 barrels.
Building, frame.
Date of heating, July 28, 1912.
Character of day, partly cloudy and light breeze.
Outside maximum temperature, 95 degrees.
Outside minimum temperature, 72 degrees.
Heating system, steam pipes along the wall.
Steam pressure maintained during the heating, about 80 pounds.
Fir8t Floor
Capacity of floor, 34,790 cu. ft. Amount of radiation, 262 sq. ft.
READING OF THERMOMETERB
Thermometers
Time of day
\ :~-:
8.00 a. m... .. . .. . . . . . . . . .. . 98 96
10.00 a. m............... ..... 104 101
12.00m...................... 110 106
~:~~~::::::::::::::::::::: ::~
::~~::::::·::::::::::::::·i m m
No.3 No.4
Degrees I Degrees Degrees
105 90
109 94 96
108 97 104
108 102 105
110 107 108
110 110 110
112 113 112
113 114 112
No.6
Degree.
110
113
117
120
122
123
126
Location of Thermometers
No. 1. Hanging in open 5 feet high, 15 feet from steam pipes.
No.2. Hanging in open 5 feet high, 18 feet from steam pipes.
No.3. Resting on roll, 12 feet from steam pipes.
No.4. In two inches of flour near floor, 5 feet from steam pipes.
No.5. In flour in conveyor near floor 20 feet from steam pipes.
No.6. Hanging in open 6 feet high, 20 feet from steam pipes.
Results:· Ninety to ninety-five per cent of the insects were killed.
Second Floor
Capacity of floor, 38,269 cu. ft. Amount of radiation 190 sq. ft.
READING OF THERMOMETERS
\ Thermometers
Time of day 1---
No. l No.2 No.3 No.4 No.5 No.6
----
Dep;rees De~rees Degrees Degrees Degrees Degrees
8.00 a. m .... 96 94 93 92
10.00 a. m ... 102 100 93 94 120 94
12.00 m ...... lOS 104 95 99 128 97
2.00 p. In •••.••..... 114 112 99 104 134 100
••00 p. m .............. liS 115 103 107 139 106
6.00 p. m .................. 120 118 106 IllS 142 106
8.00 p. In •••.• '.' ....... 122 118 110 110 143 108
9.30 p. m .............. 122 119 110 112 144 110
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Location of Thermometers
No.1. Hanging in open 5 feet high, 22 fe~t from steam pipes.
No.2. Hanging in open 5 feet high, 18 feet from steam pipes.
No.3. In three inches of bran near floor, 5 feet from steam pipes.
No.4. In flour in elevator boot resting on floor, 17 feet from steam pipes.
No.5. In oven in laboratory 5 feet high and three feet from steam pipes.
No.6. In flour in elevator boot resting on floor, 30 feet from steam pipes.
Result: Ninety-five to one hundred per cent of insects were killed.
Third Floor
Capacity of floor, 49,375 cu. ft. Amount of radiation 267 sq. ft.
READING OF THERMOMETERS
Thermometers
Time of Day
No.1 No.2 No.3 No.4 No.5 No.O
--~_._._-
Degrees Degrees Degrees Degrees Degrees Degrees
8.00 a. m................... 98 95 94 90
10.00 a. m .................... 104 101 100 98 96 102
12.00 m...................... 109 106 104 104 100 99
2.00 p. m................... j 115 112 108 108 104 103
4.00 p. m ................... 120 117 112 112 108 108
6.00 p. m ................... 124 121 116 116 112 112
8.00 p. m................... 126 123 119 118 114 II'S
9.30 p. m................... 127 124 120 122 116 114
- ---
Location of Thermometers
No. 1. Hanging in open, 5 feet high, 22 feet from steam pipes.
No.2. Hanging in open 5 feet high, 20 feet from steam pipes.
No.3. In flour in conveyor 6 feet high, 8 feet from steam pipes.
No.4. In flour in purifier 4 feet high, 13 feet from steam pipes.
No.5. In flour iri.elevator boot resting on floor 4 feet from steam pipes.
No.6. In flour in conveyor near floor, 11 feet from steam pipes.
Results: One hundred per cent of the insects were killed.
Fourth Floor
Capacity of floor (including deck) 69,580 cu. ft. Amount of radiation 310 sq. ft.
READING OF THERMOMETERS
No.6No.5
-- -----~-----------------
1__ Tbermo:~:_ .._
I I'No.1 No.2 No.3 No.4
Time of Day
Degrees Degrees Degrees Degrees Degreea Degrees
9.00 a. m .................... 101 98 93 94 97
10.00 8. m.................... 103 100 95 96 92
12.00 m ..................... 110 107 102 100 98
2.00 p. m ................... 116 114 107 102 100,
4.00 p. m ................... 122 120 113 106 105
6.00 p. m ................... 126 123 116 110 109
8.00 p. m ................... 126 123 118 115 113.
9.30 p. m ................... ]27 124 118 114 lI3
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No. 1. Hanging in open 5 feet high, 26 feet from steam pipes.
No.2. Hanging in open 5 feet high, 28 feet from steam pipes.
No.3. In flour in elevator boot 6 inches from floor, 24 feet from steam pipes.
No.4. In flour in conveyor near floor, 13 feet from steam pipes.
No.5. In flour in conveyor near floor, 22 feet from steam pipes.
Result: One hundred per cent of the insects were killed.
Deck (or fifth floor)
Capacity included in measurement of fourth floor. Amount of radiation none.
READING OF THERMOMETERS
Thermometers
Time of day
9.00 a. m .
10.00 a. m .......•......................................................
12.00 m .
2.00 p. m .
4.00 p. m .
6.00 p. m•.......................•...................................•.
8.00 p. m...................................•.....•.....................
9.30 p. m...........•........................................... ,' ;
Location of Thermometers
No. 1. Hanging in open 5 feet from floor.
No.2. In flour in conveyor near floor.
Results: One hundred per cent of the insects were killed.
No.1 No.2
Degrees Degrees
104 100
106 99
114 112
122 113
126 118
128 123
127 125
127 126
PRESIDENTW. D. HUNTER: Is there any discussion on this paper?
MR. F. L. WASHBURN: Mr. Dean states the matter correctly when
he says that hydrocyanic acid gas does not penetrate well. In spite
of this, however, it seems to be a very good remedy, although it is
not perfect. I would like to ask Mr. Dean the cost of piping an av-
erage sized mill.
MR. G. A. DEAN: In case the mill is using steam power and there
is no steam radiation in the mill, it would cost in a 1,00Q-barrel mill
from $500 to $600 to install a good heating system. The installation
can be done by the mill men. There should be sufficient radiation to
heat the mill to a temperature of 70 degrees during winter weather.
MR. F. L. WASHBURN: Don't you think that the average millman
would object to spending that much money?
MR. G. A. DEAN: Inasmuch as a mill with a capacity of from 600
to 1,000 barrels will have on an average more than $100,000 capital
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invested, I can not believe there would be any objection to the ex-
pense, especially if they can count on the complete control of the
infesting insects.
f' MR. F. L. WASHBURN: If a housekeeper, who is reasonably clean,
finds insects in the flour should not the blame in eight cases out of
ten be placed on the mill from which the flour came?
MR. G. A. DEAN: In nine cases out of ten the infestation can be
tra~ed either to the mill or the grocery warehouse in which the flour
has been stored.
MR. WILMONNEWELL: At what temperature will snout beetles in
flour mills be destroyed?
MR. G. A. DEAN: They cannot stand a temperature of 119 degrees
for more than two or three minutes. Of course, snout beetles are not
serious pests in flour mills. Howe,rer, in our heating of mills we have
often noticed that they are all killed in tJ;lOseparts of the mill near the
intake of the grain, which are about the only places where they are
found.
MR. WILMONNEWELL: I asked the question because there are
often large numbers of these insects in rice mills and the method of
·destroying them with heat would, I think, be of value. The injury
caused by insects to stored rice is so great that the owners would not
hesitate to spend a thousand dollars a season to destroy them.
Mr. W. H. GOODWIN: I think there is an important point which
Mr. Dean did not mention and that is that it is best to begin heat-
ing the mill in the evening. By beginning the work at this time a
fatal temperature is reached the next day, usually between 10 and
11 o'clock. One trouble that I have found is that it is almost im-
possible to maintain a high temperature after 5 or 6 o'clock in the
evening owing to the gradual decrease in the temperature outside.
This statement applies especially to conditions in Ohio where the
ranges of temperature between afternoon and midnight are often
very great.
~. MR. F. L. WASHBURN: I should like to ask Mr. Goodwin to express
his opinion on the value of hydrocyanic acid gas.
~. Mr. W. H. GOODWIN: I believe hydrocyanic acid gas is of little
practical value as a mill fumigant. In all my experiences with this
gas in fumigating mills I have not had one perfectly effective result.
In every case enough insects survived to reinfest the mill. The gas
seems to condense so rapidly that it fails to be effective and the insects
are either uninjured or recover rapidly after being subjected to fumi-
gation .
.MR. T. J. HEADLEE: In regard to the effect of high temperatures
on insect life I desire to report that in the past two or three months
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we have experimented with the leather beetle, Dermestes vulpinus
Fab., and found that 125 degrees F. killed the insects without harm
to the books which they were infesting.
MR. W. E. BRITTON: Can insects be destroyed in warehouses where
seeds and grains are kept by using heat?
MR. G. A. DEAN: I would not recommend heat for killing insects
infesting stored seeds and grain. In case they are stored in small
quantities, the heat method would be entirely satisfactory, but if
stored in large quantities it would require too much heat in order to
penetrate to the center of the bins. The germination of the grain next
to the heat would be injured and perhaps the gluten qualities. We
have one or two mills that are planning to heat their grain in their ele-
vators by passing it through a hot-air blast. I do not advocate heat
for destroying pests in seed storehouses and grain elevators.
PRESIDENTW. D. HUNTER: I will now call for the paper by Mr.
Newell, entitled "Notes on the Rice Water Weevil and its Control.'~
NOTES ON THE RICE WATER WEEVIL (LISSORHOPTRUS
SIMPLEX SAY), AND ITS CONTROL
By WILl\lON NEWELL, College Station, Texas
The observations here recorded were made by the' writer during the
summer of 1909, while employed as entomologist of the Louisiana
Experiment Stations, and a rather comprehensive report on the inves-
tigation was submitted to that Station in February, 1910. Contrary
to expectations, it was not published. While a few workers have had
access to my unpublished report and notes-and have used them more
freely than professional courtesy would sanction-I nevertheless deem
the records of sufficient importance to justify their presentation in
condensed form before this Association.
Lissorhoptrus simplex is generally distributed, and generally destruc-
tive, over the entire rice-growing belt of the South. Thus far the
only literature of importance dealing with the insect' from an eco-
nomic standpoint is the article by Doctors Riley and Howard in the
Report of the Commissioner of Agriculture for 1881 and 1882, pp.
130-133. In this paper Doctor Howard gave a full account of his
investigation of the pest near Savannah, Ga., and described control
measures which have been followed, without improvement, to the
present time.
In 1906 Mr. W. D. Pierce made mention of injury to rice by this
species at Beaumont, Texas, in 1904.1
lAnn. Rept. Neb. Board of Agr. for 1906-'07, p. 265.
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